Many observational studies on epilepsy surgery outcome include complication data. Despite this, there is a lack of large series that specifically address complications in a methodologically clear and prospective fashion. Recent reviews of complications in epilepsy surgery point out that the differences in definitions and data collection may influence the marked variations in published complication rates. 13, 15 The aim of the present study was to analyze data from the prospective, population-based Swedish National Epilepsy Surgery Register (SNESUR) accrued between 1996 and 2010 regarding major and minor complications, and to search for possible risk factors for complications.
Methods
Every epilepsy surgery procedure in Sweden is reported to the SNESUR from a defined start of the assessment. This database was initiated by the Swedish Board of Health and Welfare as a quality control register and is controlled by the Swedish Data Inspection Board. All patients whose data are included in the SNESUR have given their informed consent. The Regional Board of Medical Ethics at the University of Gothenburg considered this study to be a quality control study not necessitating further informed consent for research. The register protocol includes data on the patients' social situation, epilepsy history, preoperative seizure situation, and preoperative antiepileptic medication. Coexisting neurological deficits or impairments are also reported. Further items include investigational findings, side and site of the operation, histopathological diagnoses, complications during the presurgical evaluation or at surgery, and a 2-year follow-up of seizure outcome, antiepileptic medication, and psychosocial data. Due to an agreement among the operating centers, register data are analyzed only on a national basis, since the number of patients treated at each institution is limited and the patient selection may vary among centers. However, each center is able to compare its own results to the national reports.
All complications related to epilepsy surgery are reported to SNESUR by the surgical team. Complications are specifically addressed in the register at the time of surgery and at follow-up 3 months after surgery. A complication is defined as an unwanted, unexpected, and uncommon event after a diagnostic or therapeutic procedure. Hence, neither an expected worsening of a hemiparesis after a hemispherectomy nor an upper quadrantanopia after a temporal lobe resection (TLR) is regarded as a complication. Adverse events related to surgery include surgical complications such as intracranial hematomas, deep vein thromboses, and infections as well as neurological complications-meaning any unexpected postoperative neurological impairment. 1, 32 Entirely anesthesiological complications that do not affect neurological function, such as electrolyte imbalance or airway problems, are not included. The severity of a complication is graded as minor if it resolves within 3 months, and major if it lasts longer than 3 months and affects the activities of daily living. Significant neurological deficits are also defined as major, even if activities of daily living are not affected. 32 The validity of the data collected from the centers is regularly checked by several systems. Intrinsic checkpoints within the database reject certain impossible combinations. An external revision is regularly performed. Two epilepsy nurses visit all centers and compare the data entered into the database with the original data from the patient files for a random yearly sample of the patients treated at each center. The items controlled in this external revision include side and site of operation, complications, main histopathological findings, and seizure outcome at the 2-year follow-up. So far, there have been no mismatches in the reporting on any of these central items.
The present study includes therapeutic epilepsy surgery procedures performed between January 1996 and December 2010. Complications related to the diagnostic invasive procedures performed during the same period have been reported separately. 16 Descriptive statistics have been used to report the total complication rates as well as the complication rates according to type of surgery, primary procedures versus reoperations, sex, and a selection of patient age intervals. Univariate binary logistic regression was used to determine the influence of the different variables on major complications as well as on any complication. Odds ratios with corresponding 95% confidence intervals were calculated. The chi-square and Fisher exact tests were used to explore the relationship between 2 categorical variables. Two-tailed p values were calculated and values less than 0.05 were considered significant. IBM SPSS version 19 software was used for all statistical analyses.
results
During the inclusion period, 865 therapeutic epilepsy surgery procedures were performed. Of these, 158 were reoperations. Patient age at operation ranged from 2 months to 69 years (median 24 years), and 444 patients were male and 421 were female.
There was no surgery-related mortality in this series. One patient who was 20 years old was lost to follow-up due to sudden death 2 months after surgery. In total, major complications occurred in 26 cases (3%), and there were minor complications in 65 cases (7.5%) ( Table 1 ). In primary surgical procedures (n = 707; patient age at operation 2 months-69 years, median 24 years), major complications occurred in 20 cases (2.8%) and minor complications in 54 cases (7.6%). In reoperations (n = 158; patient age at operation 1-56 years, median 23 years), major complications occurred in 6 cases (3.8%) and minor complications in 11 cases (7%). There was a slight, nonsignificant difference in the rate of major complications between male (2.7% major [12 In TLRs (n = 523), there were 15 major (2.9%) and 41 minor complications (7.8%) ( Table 2) . Complications were more common in patients who had resections that included hippocampus (11.1% [n = 37 of 332]; 9 major and 28 minor) than when the resections excluded hippocampus (7.1% [n = 12 of 169]; 4 major and 8 minor). However, the difference was not statistically significant (p = 0.202). In the small group of patients who underwent selective amygdalohippocampectomy (AH) (n = 22), there was a high total rate of complications (7 of 22, 31.8%; 2 major and 5 minor) compared with the other groups of patients with TLRs (49 of 501, 9.8%, 13 major and 36 minor; p = 0.005). In extratemporal resections (n = 275), 9 major (3.3%) and 22 minor complications (8%) occurred, and in nonresective procedures (n = 67) there were 2 major (3%) and 2 minor complications (3%).
The complications in children (age 2 months-18 years, median 11 years) according to the type and location of the surgical procedure are specified in Table 3 . In total, there were 8 major (2.4%) and 14 minor complications (4.3%) in pediatric patients. In the subset of patients up to 3 years of age (n = 38; age 2-35 months, median 16 months), 1 major (2.6%) and 1 minor complication (2.6%) occurred. The procedures performed in this subgroup comprised 17 hemispherectomies, 8 frontal lobe resections, 5 TLRs, 3 multilobar resections, 2 callosotomies, 2 parietal lobe resections, and 1 occipital resection. Six of the procedures were reoperations.
The complications in adults (age 18-69 years, median 34 years) according to the type and location of the surgical procedure are listed in Table 3 . In the subset of patients 35 years or older at the time of surgery (n = 257, median 43 years), 11 major (4.3%) and 31 minor complications (12.1%) occurred. In patients 50 years or older (n = 64), there were no major complications and 7 minor complications (10.9%) (Fig. 1) .
In the binary logistic regression, the risk for any complication was found to increase significantly with age (OR 1.26 per 10 year-interval, 95% CI 1.09-1.45). Similarly, the risk was increased for adults (OR 2.05, 95% CI 1.24-3.39) and for patients 35 years or older (OR 2.23, 95% CI 1.43-3.46). For major complications only, the relationship was not significant (OR 1.14 per 10 year-interval, 95% CI 0.886-1.46). Sex, reoperation, type of surgery, and previous invasive investigations were not significant factors in either group.
A previously published series from SNESUR reported the complications in the years 1990-1995. 32 To look for temporal trends, the whole period 1990-2010 was divided into four 5-year periods. There were no significant differences in complication rates between these groups. When the entire series 1996-2010 was compared with 1990-1995, the total complication rate was lower for any surgical procedure (10.5% vs 12%) as well as for temporal resections (10.7% vs 12.1%), for extratemporal resections (11.3% vs 14.8%), and for nonresective procedures (6% vs 8.2%), although these differences are not statistically significant. In the earlier cohort, there was a high rate of major complications in patients older than 50 years (3 of 22, 13.6%). 32 Because there were no major complications in this subgroup in the present series, the difference is significant (p = 0.015). The total rate of complications (7 of 
Discussion
In this study we found an overall rate of 3% major and 7.5% minor complications in epilepsy surgery. For TLRs, the most common procedure in epilepsy surgery, we found an overall rate of 2.9% major and 7.8% minor complications.
In studies with prospective data collection and a similar subdivision of complications into major and minor (or permanent and transient), major complications are reported in 3%-10.6% and minor complications in 7.4%-10.7%. 1, 17 For TLRs, the corresponding figures are 0%-10.9% for major complications and 5.5%-10.9% for minor complications. 1, 5, 17, 25 In a randomized controlled study of TLRs, there were 10% with adverse effects of surgery. In this study, complications were not divided into major and minor. 38 In retrospective studies and in those in which the method for data collection is not stated, complication rates are presented in the range of 0%-7.5% major and 5.6%-15.2% minor complications for any procedure, 8, 9, 23, 28, 31, 36 and for TLRs there were 0%-7% major complications and 0%-21.8% minor complications. 5, 6, 18, 19, 23, 26, 29, 30, 34, 36, 37 In pediatric cohorts, 0%-14.6% major and 5.2%-19% minor complications are presented for various kinds of procedures. 3, 4, 7, 20, 33 In a systematic review of 76 studies in which different methodologies were used, Hader et † This includes 1 patient with thalamic infarction due to perforating artery injury, 1 patient with air embolism, and 1 patient with permanent postoperative anosmia. ‡ One patient had both a hemiparesis and a cranial nerve paresis, 1 patient a cerebral abscess and a persistent hemiparesis, 1 patient a postoperative hematoma and a persistent hemiparesis, 1 patient a persistent hemianopia and a persistent sensory deficit, and 1 patient a postoperative hematoma and a persistent hemianopia. These patients are counted only once in the sum row. § One patient had a transient dysphasia and a sensory deficit, 2 patients a postoperative hematoma with a transient hemiparesis, 1 patient a hematoma and subsequent hydrocephalus, 1 patient had a meningitis and CSF leakage, 1 patient an infection and a postoperative hematoma, 1 patient a transient hemiparesis and dysphasia, and 1 a hematoma with transient dysphasia. These patients are counted only once in the sum row.
In the aforementioned reports, direct comparisons are difficult, not only because of differences in the range of surgical procedures, in characteristics of the patient cohorts, and in methods of data collection, but also because different definitions of surgical complications were used or not stated. For instance, some studies used the limit of 1 year for permanent morbidity instead of the 3-months limit used in our study. 1, 36 Several studies explicitly included expected deficits or did not state whether postoperative deficits were judged to be expected, thus potentially yielding significantly higher complication rates. 3, 7, 21, 34 Another important difference is the study design. It is notable that, with a single exception, studies with remarkably low complication frequencies had a retrospective design, which increases the risk for collection bias. 6, 24, 30, 36 One prospective study (of TLRs in children) was unique in presenting no major complications; however, in this study the total rate of complications (5.5%) was similar to the total rate in the present study (5.2%). 25 In an earlier study from SNESUR, 3.1% major and 8.9% minor complications were reported. 32 Because the same register was used for the analysis as in the present study (although before 1995 the register had both retrospectively and prospectively collected data), comparisons are possible. In the present series the complication rates are lower, but the difference is not statistically significant. Because there has been a generation shift among epilepsy surgeons in several Swedish centers over the last 2 decades, the implication of a significant learning curve seems unlikely. We interpret the positive trend observed to indicate improvements in preoperative workup and in surgical technique, most notably the more widespread use of neuronavigation.
In this study, older age was associated with an increased risk for complications. Several previous studies have indicated age as a risk factor for complications in patients undergoing epilepsy surgery. 14, 32, 37 However, in 2 studies, no difference could be found in complication frequencies for patients younger or older than 50 years. 26, 31 Although older age was a risk factor for complications in this study, we found no cutoff above which the risk for complications is unacceptably high. (There were actually no major complications among patients older than 50 years.) It is also important to recognize that age does not preclude favorable seizure outcome in epilepsy surgery.
2,8,14,31 Therefore, we think older age should be a factor to consider in patient counseling but should not be regarded as a contraindication to surgery. Compared with the cohort treated between 1990 and 1995, there was a significant reduction in major complications in patients older than 50 years. Because of the small number of patients, this result should be interpreted cautiously. The total rate of major complications in elderly patients in the course of 20 years does not differ significantly from the younger adult population. 2 If there is a real reduction of complications in the elderly patients, it may imply improvements in patient selection.
In TLRs, it is known that more extensive resections may increase the risk for complications, especially visual field defects. 27, 39 In this study we confirm this; we found a nonsignificant trend toward complications being more common when the resections include hippocampus. Se- lective AHs comprised only 4% of the TLRs in the present series. In this small group there was a very high rate of complications, which illustrates the importance of surgical experience in this type of surgery. In a previously published report, complications related to invasive electrode workup significantly increased the risk for complications related to therapeutic resections. 16 In this study, previous invasive workup as a whole was not identified as a risk factor for complications during therapeutic surgery. Because invasive workup with grid electrodes is often performed in close temporal relationship to a subsequent resection, there presumably is some form of interaction between complications in the 2 types of procedures. One possibility is that the brain is more vulnerable after 1 or 2 weeks with grid electrode monitoring. The exact nature of the relationship is unknown and needs to be investigated in larger, prospective studies of invasive electrode procedures.
The major strengths of the present study are the very large number of patients and the completely prospective nature of the data collection. In fact, to our knowledge, this study represents the largest reported prospective series of complication data in epilepsy surgery. Most previously published complication studies are single-center series. Since all Swedish epilepsy surgery centers use the same register with a very low frequency of patients lost to follow-up (only 1 of 865 procedures in this study), SNESUR provides population-based data. The factors stated above support the internal and external validity of the present study.
One limitation of the study is that complications are specifically addressed only during the postoperative inhospital stay and at follow-up 3 months after surgery. Very late surgical complications such as hydrocephalus developing several months after surgery are therefore not included. Furthermore, due to insufficient data, no analysis could be made of the impact of medical comorbidities for complications in epilepsy surgery.
conclusions
The present study is the largest reported prospective series of complication results in epilepsy surgery. In combination with the population-based nature of the data, this supports its validity as a basis for patient information and quality control in epilepsy surgery. Although direct comparisons are not feasible, the complication rates in this study conform well with series with similar methodology from other centers, confirming that epilepsy surgery performed in the 6 Swedish centers is safe. Compared with previously published results from the same register, there is a trend toward lower complication rates, which may indicate improvements in surgical quality. Older age at operation was confirmed to be associated with a slightly higher risk for complications and should be taken into account when counseling patients.
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